As part of a systematic literature review, a comprehensive literature search was carried out to identify risk factors for aspiration pneumonia in frail older people. A prominent risk factor found was dysphagia with evidence level 2a, according to the Oxford Centre for Evidence-based Medicine Levels of Evidence. Subsequently, a meta-analysis of 4 cohort, 1 case-cohort, and 1 case-control study on dysphagia as a risk factor of aspiration pneumonia in frail older people was performed. Using a random effects model, we found a positive correlation between dysphagia and aspiration pneumonia: OR = 9.84; 95%CI = 4.15 -23.33 (test for statistical homogeneity: p < 0.001). Then, a subgroup metaanalysis was performed with 4 cohort studies, all including patients with a cerebrovascular disease. Once again, a positive correlation was found between dysphagia and aspiration pneumonia: OR = 12.93; 95%CI = 8. 61 -19.44. The test for statistical homogeneity revealed no statistically significant result (p = 0.15). It was concluded that dysphagia is a serious risk factor for aspiration pneumonia in frail older people, particularly in those suffering from a cerebrovascular disease.
IntrODuctIOn
t here is evidence of an association of oral biofilm presence with the onset of aspiration pneumonia. Since more older people keep their dentition for a longer period during their lives, the oral biofilm is of increasing importance and may become more virulent as people become frail and oral health (self-) care diminishes (Shay, 2002) . Predominantly, potential respiratory pathogens found in the oral plaque of older people living in residential care homes were Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Enterobacter cloacae (Sumi et al., 2007) .
Frail older people may be hospitalized, institutionalized, or home-dwelling, whether or not supported by professional or family domiciliary care. Although frailty is a medically distinct, clinically recognizable syndrome, it is very difficult to provide an exact definition of the term. Recently, an integral conceptual definition was formulated: "Frailty is a dynamic state affecting an individual who experiences losses in one or more domains of human functioning (physical, psychological, social) , which is caused by the influence of a range of variables and which increases the risk of adverse outcomes" (Gobbens et al., 2010) .
The mechanism of aspiration pneumonia onset is unknown. Scannapieco (1999) described 4 possible mechanisms for oral bacteria causing respiratory infections. The first mechanism is the colonization of pulmonary pathogens in the oral biofilm and aspiration of these pathogens into the lungs. A second theory is that periodontal-disease-associated enzymes in saliva may modify mucosal surfaces and facilitate the adherence of respiratory pathogens which are subsequently aspirated into the lungs. Third, periodontal-disease-associated enzymes may destroy protective salivary pellicles, such as mucin, resulting in fewer non-specific host defense mechanisms (clearance potential). Fourth, cytokines originating from infected periodontal tissues may alter respiratory epithelium, resulting in respiratory pathogen colonization and an increased risk of infection.
Although the exact pathogenesis is not known, the results of a previously published systematic literature review on the risk factors of aspiration pneumonia in frail older people showed dysphagia being a prominent risk factor, with evidence level 2a; this was a systematic review with homogeneity of cohort studies (Oxford Centre for Evidence-based Medicine Levels of Evidence, 2009) (van der Maarel-Wierink et al., 2011) . Dysphagia might play
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a role in the aspiration of respiratory pathogens colonized in the oral biofilm or adhering to mucosal surfaces, as described by Scannapieco (1999) in the first and second theories, because dysphagia increases the risk of aspiration.
The results of the systematic review (van der Maarel-Wierink et al., 2011) underline both the importance of a meta-analysis to assess an exact estimate of the risk and the need to increase the understanding of the role of dysphagia in the development of aspiration pneumonia in frail older people. Therefore, the objective of the present meta-analysis was to assess the association of dysphagia with aspiration pneumonia in frail older people.
MAtErIAls & MEthODs

Data sources and search strategy
The methodology of the systematic review and meta-analysis was started with a comprehensive literature search to identify risk factors for aspiration pneumonia in frail older people.
The electronic retrieval systems and databases searched for relevant articles were: PubMed (MEDLINE), Web of Science, Cochrane Library, EMBASE, and CINAHL. The key words (Medical Subject Headings in MEDLINE) used were: "aspiration pneumonia" or "pneumonia", "frail elderly" or "aged", "nursing homes" or "long-term care" or "geriatric nursing", "risk factors", "periodontal disease", and "oral health", isolated or in different combinations with different Boolean operators. Special attention was paid to the article reference lists and related articles, in a search for additional relevant publications not found in the initial search. Grey literature, such as unindexed or unpublished conference proceedings, pre-prints, and state-ofthe-art reports, was not included.
selection criteria and Quality Assessment
The search was limited to human studies, studies published in English, and studies published during the period January 2000 to April 2009. Before the year 2000, the majority of publications focused on aspiration pneumonia in patients in intensive care units, often dependent on mechanical ventilation, but not exclusively older people (Scannapieco et al., 2003) . In preparing a systematic literature review to assess oral health care intervention studies in frail older people and the effect on the incidence of aspiration pneumonia, we concluded that there were no publications of sufficient methodological quality on this subject to be discerned before the year 2000 (van der Maarel-Wierink et al., unpublished observations) . For this reason, we decided to start the literature search for risk factors for aspiration pneumonia in frail older people from that same year. Titles and abstracts of publications obtained with the search strategy described were screened. Only publications with regard to hospitalized, institutionalized, or frail home-dwelling older people of 60 yrs and older were eligible.
Subsequently, potentially relevant publications, dealing with evident risk factors for aspiration pneumonia, were read in full by the first and second authors and independently assessed for their methodological quality. The methodological quality of a publication was assessed by checklists initially based on the checklists reported by Straus et al. (2005) and available at the Dutch branch of the Cochrane Collaboration (www.dcc .cochrane.org; van der Maarel-Wierink et al., 2011) . We assessed risk of bias by evaluating the following items: risk of selection bias, blindness of outcome assessment, follow-up period, dropout rates, and reasons for drop-outs. Excluded studies and reasons for exclusion were published in the systematic review (van der Maarel-Wierink et al., 2011) . In case of the first and second authors' disagreement and of inconsistency concerning inclusion of publications, we attempted to resolve the disagreement by consensus. In case of persisting disagreement and inconsistency, the opinion of the fourth author was decisive.
Data Extraction and selection for Meta-analysis
If available, unadjusted and adjusted odds ratios (ORs) and their corresponding 95% confidence intervals (95%CIs) for risk factors related to aspiration pneumonia in frail older people were extracted from all publications. In case an unadjusted or adjusted odds ratio was not mentioned, the relative risk (RR) or the hazard ratio (HR) and the corresponding 95% confidence interval (95% CI) were extracted.
From the 13 risk factors identified for aspiration pneumonia in frail older people, dysphagia seemed to be prominent (van der Maarel-Wierink et al., 2011) . Nine of the 21 publications included for the systematic literature review reported dysphagia being a risk factor. Since the multivariate model of each study was adjusted for different possible confounding factors, the unadjusted odds ratios were extracted or calculated. The first author extracted the data from the studies included, calculated unadjusted odds ratios when needed, and corresponded with the authors of the publications to acquire missing data, valuable for the meta-analysis. The second and third authors verified the extracted data and the calculated unadjusted odds ratios. Data were tested for statistical homogeneity by Woolf's test (Woolf, 1957) . In case the studies could be considered homogeneous, the classic Mantel-Haenszel method was used to create an overall estimate of the odds ratio (Mantel and Haenszel, 1959) . In case of heterogeneity, the situation was more complex. The presence of various subgroups of studies necessitated an analysis which considered both variation between similar studies and variation between those subgroups while calculating an overall effect. To this end, a random effects model was applied (Dersimonian and Laird, 1986 ).
rEsults Table 1 shows the relevant characteristics of the 9 publications included initially. However, it was not possible to calculate the unadjusted odds ratios for 3 publications. In the study by Vergis et al. (2001) , there were no cases of documented aspiration in the control group; consequently, it was not possible to calculate an unadjusted odds ratio for this factor. A logistic regression model using backward stepwise elimination showed swallowing problems/dysphagia being a significant risk factor for pneumonia in the study by Langmore et al. (2002) . However, data to calculate an unadjusted odds ratio were missing. In the study by Quagliarello et al. (2005) , the total population showed 15% swallowing difficulty, but it was not possible to establish how many people with and without pneumonia had swallowing difficulty. We did not receive any reply to our e-mail, when we requested the authors to provide us with the missing data. Therefore, these 3 publications were excluded from the metaanalysis. For the 6 publications remaining, the unadjusted odds ratios were reported or could be calculated. The test for statistical homogeneity showed p < 0.001, demonstrating that the studies can be considered as heterogeneous. With a random effects model, a positive correlation was found between dysphagia and aspiration pneumonia, OR = 9.84; 95%CI = 4.15 -23.33 (Table 2, Fig., A) . Since the test for statistical homogeneity showed a statistically significant result, a subgroup meta-analysis was performed for the studies by Kwon et al. (2006) , Sellars et al. (2007) , Walter et al. (2007) , and Masiero et al. (2008) , all including patients with a cerebrovascular disease. The test for statistical homogeneity of this subgroup showed no statistically significant result (p = 0.15). Once again, a positive correlation was found between dysphagia and aspiration pneumonia OR = 12.93; 95%CI = 8.61 -19.44 (Table 3, Fig., B) .
DIscussIOn
To the best of our knowledge, this is the first meta-analysis assessing dysphagia as a risk factor for aspiration pneumonia in Kwon et al. (2006) 15.57 6.88 -35.23 Sellars et al. (2007) 7.17 3.74 -13.77 Walter et al. (2007) 22.99 10.33 -51.15 Masiero et al. (2008) 12.50 2.59 -60.33
Test for statistical homogeneity: χ 2 = 5.33 (df = 3; p = 0.1494). Fixed effects (Mantel-Haenszel) frail older people. The results confirmed that frail older people with dysphagia are at greater risk for aspiration pneumonia when compared with frail older people without dysphagia. Furthermore, the subgroup meta-analysis of 4 cohort studies showed dysphagia being a significant risk factor for aspiration pneumonia in patients suffering from a cerebrovascular disease. Although the effect was studied with relatively low levels of precision, the strength of the association between dysphagia and aspiration pneumonia makes the effect clearly significant.
A limitation of the current study was the inconsistency in the descriptions of dysphagia. The term "dysphagia" was used in 3 studies: Hennessy et al. (2007) used the General Practice Research Database record for dysphagia; Kwon et al. (2006) used positive clinical signs accompanied by pathologic findings with a water-swallowing test or pharyngeal sensation test; and Walter et al. (2007) used a water-swallowing test in combination with an arterial oxygen saturation measurement. However, the terms "absence of reflex cough after swallow" (Masiero et al., 2008) , "Logemann-aspiration", which was also diagnosed during a water-swallowing test (Sellars et al., 2007) , and "history of aspiration" (Skull et al., 2009) were used as well. However, it is not likely that this limitation influenced the result of the meta-analysis. A second limitation was the problem of diagnosing aspiration pneumonia adequately in frail and disabled older people. In frail older people, the clinical symptoms of (aspiration) pneumonia are often unclear. Moreover, it is not always possible or even prudent to take a chest radiograph to confirm the diagnosis in frail and/or disabled care home residents (Gutierrez and Masiá, 2008) . Therefore, a comparison of the results of the various studies might not be conclusive. Third, the literature search for risk factors for aspiration pneumonia in frail older people included publications published from January of the year 2000 onward. Excluding publications published before the year 2000 may have induced bias. However, the potential bias seems limited, because the majority of these publications focused on aspiration pneumonia in patients in intensive care units, often dependent of mechanical ventilation, but not exclusively older people.
There are no recent numbers for the incidence of dysphagia in frail older people, but in a review article the incidence was estimated at 50-75% in care home residents (Marik and Kaplan, 2003) . Tamura et al. (2004) investigated 173 dysphagic patients treated at a dysphagia rehabilitation clinic. Fifty-three percent of patients ranged from 0-12 yrs of age, and 24% of them were over 60 yrs of age. Disease of the central nervous system, such as cerebral palsy, was a major diagnosis in the young patients, whereas cerebrovascular disease was predominant in adult and older patients. The results of the systematic literature review (van der Maarel-Wierink et al., 2011) showed evidence level 3b (individual case-control study) for the correlation between antipsychotic drug usage and aspiration pneumonia. Higher doses of antipsychotic medication were associated with worse swallowing function in the case-control study by Rudolph et al. (2008) .
The incidence of community-acquired pneumonia varies per country and increases sharply with age. For people aged ≥ 75 yrs, the reported incidence is 3-to 5-fold higher than in the general population (Welte et al., 2011) . This meta-analysis showed dysphagia being a significant risk factor for aspiration pneumonia in frail older people. Although an exact estimate of the risk of developing aspiration pneumonia in frail older people with dysphagia is available as for now, evidence for the pathogenesis is still lacking. More research is required to find evidence for one or more of the mechanisms described by Scannapieco (1999) and to confirm the role of dysphagia in the aspiration of pulmonary pathogens colonized in the oral biofilm or adhering to mucosal surfaces.
In contrast to the result of this meta-analysis, in the previously published systematic literature review on the risk factors of aspiration pneumonia, inconsistent evidence was found of a potential correlation between cerebrovascular diseases and aspiration pneumonia (van der Maarel-Wierink et al., 2011) . It was suggested that the localization of cerebrovascular diseases could explain the inconsistency of results. Indeed, the study by Nakagawa et al. (2000) showed deep cerebral infarcts more closely associated with the incidence of pneumonia than Figure. Forest Plots of the 2 Meta-analyses Performed. (A) Forest plot for dysphagia as a risk factor for aspiration pneumonia in frail older people. Squares represent the unadjusted odds ratio (OR) for dysphagia, found in each study. The size of the square is proportional to the size of the study, and error bars represent the 95% confidence intervals (CI). The diamond shape represents the pooled OR, which was OR = 9.84; 95%CI = 4.15 -23.33. (b) Forest plot for dysphagia as a risk factor for aspiration pneumonia in older patients with a cerebrovascular disease. Squares represent the unadjusted odds ratio (OR) for dysphagia, found in each study. The size of the square is proportional to the size of the study, and error bars represent the 95% confidence intervals (CI). The diamond shape represents the pooled OR, which was OR = 12.93; 95%CI = 8. 61 -19.44. superficial infarcts. Furthermore, Gonzalez-Fernandez et al. (2008) found a statistically significant increased risk of dysphagia in individuals with acute ischemic involvement of the internal capsule of the brain. Other supratentorial regions which might be associated with dysphagia include the primary somatosensory, motor, and motor supplementary areas, the orbitofrontal cortex, and the putamen, caudate, and basal ganglia. Recently, a significant interaction between hemisphere and lesion location was identified by Cola et al. (2010) . Lesions in the left periventricular white matter of the brain might be more disruptive to swallowing behavior than similar lesions in the right periventricular white matter. They suggested that swallowing deficits involving oral control and transfer might be a sign of subcortical neural axis involvement. Kwon et al. (2006) defined a clinical grading scale for the prediction of pneumonia after cerebrovascular disease. The scale consisted of 5 predetermined independent predictors of pneumonia: neurologic deficit as rated on the National Institutes of Health stroke scale (NIHSS ≥ 11), age ≥ 65 yrs, gender, mechanical ventilation, and dysphagia. All components were scored 0 or 1, with a total pneumonia risk score of 0-5 points. The pneumonia risk score appeared to be an accurate predictor of pneumonia development assessed as a 30-day incidence. However, the localization of cerebrovascular disease was not represented in the pneumonia score.
Since the subgroup meta-analysis showed dysphagia as a significant risk factor for aspiration pneumonia in cerebrovascular disease patients, more research is needed to find out whether dysphagia is also a significant risk factor for aspiration pneumonia in patients suffering from other diseases with dysphagia as complicating factor, such as dementia or Parkinson's disease, and whether the risk of aspiration pneumonia in these patients may be decreased by supervised feeding, dietary modifications, swallowing therapy (compensatory strategies or exercises to strengthen swallowing musculature), or pharmacologic therapy (Marik et al., 2003) . In addition, the effect of improving oral health care on the prevention of aspiration pneumonia would be of great interest. The risk of developing pneumonia after aspiration due to dysphagia might be decreased as a result of improved oral health care. Sellars et al. (2007) found bad oral health as a significant risk factor for aspiration pneumonia in patients with a cerebrovascular disease. In the study by Ishikawa et al. (2008) , the quantity of potential respiratory pathogens decreased due to improved oral health care. In the studies by Yoshino et al. (2001) and Watando et al. (2004) , the swallowing reflex, cough reflex sensitivity, and overall functional status were improved after improved oral health care in frail older people. A reduction in the risk of developing aspiration pneumonia was suggested.
In conclusion, dysphagia is a serious risk factor for aspiration pneumonia in frail older people, in particular in patients suffering from a cerebrovascular disease.
